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A b s t r a c t

\\’c I,roI,ose  a I.aglarlgian  ice lnotion  tracker to follow the tra-
jectory of ice f~articles at initially fixccl grid points in the winter
,\rctic. I’ron) the displacetnent  data, we can derive the area
clla]lges associated tvith a gricl cell which we define as the area
cllclosed by straight lilie-seg~nents corlnecting  four grid points.
,\Iiy rlew area  cleatecl  CIurillg  the time interval  between SAR ob-
sel i,atiolls  cortt, aills IIe W sea ice with em age uncertainty equiv-
alm]t to that of tile  titl)e interval. During the next time step,
ttle age of this ice is incrmoented  by the size of the time step.
A decrease ill area is accounted for by ridging the youngest ice.
.Arl ice age histogranl  for accounting for the changes in area is
corlstructecl  from a series of ice ]notion  observations. A scheme
fm exte{idecl te]nporal  observation of the sea ice cover is pro-
I,c,wd, ‘J’l)is age clistributio[)  earl be con~,crted into ice thickrlcss
if al)l)ropriate  etlvirotilnelltal  conditioris  are available. We pro-
l,ose that tl)is scllcllle  be illlpleolented  in the sea ice geophysical
I)toccssor  systelll  for Illonitoring  of icc age and thickness using
l{.\l),AI{S:\rI’  data.

1 .  In t roduct ion

“1’IIc l)[esel,t  l;l{S - 1 (geophysical Processor System (GPS)  at the
Alaska SAR l’acility  gerlerates  two sea ice products: ice motion
[l(uok  CI al.,1990] al)d ice type  [A’wok et al.,1992]. l’he  GPS i c e
IIlotiml tracker uses a conibination  of cross-correlation and fea-
t ure trackitlg  techniques for locatil]g  tiepoints in successive SAR
ilrlage data arid has been quite successful in routinely produc-
ing a large nurl]ber of products. I’he  winter ice type classifier
categorizes each S. A}{ pixel into orle of four ice types: mtrlti-
yt,ar ice (MY);  first-year (FY)  deformed; FY smooth; and, a low
backscatter type whictr is characteristics of smooth, younger ice
tyljm  ald calln  O}WI1 water. lo date, it has been demonstrated
(Ilat  tire MY hackscatter is relnarkably  stable throughout the
tvir!tcr [l~”u,ok (/ nl.,1994] slid  that failly  accurate observations
O! tile !virltel NIY icc f rac t ion [1’~tffrtr  [/ a/.,l994]  can he ob-
(aillcd  usirlg a silr]l,le classificatiori  scherr]e as was implemented
ill (I!e (;1’S. l~otl] ttlese  products are a~ailable  from the ASF
data arcllivc,

‘I IIC Ivide-swatll  S(’.IXS. AR mode of RAI)ARSAT  [Rcrney  cf al.,
]!)!)]], to be Iaulrclled irl hfarch  ]995, will }~ave the capability to
itl)agc tllc  Arctic  sca icc cover mvry  three days. ‘J’he ASF science
I)lar, fot l{:\l):\RS>l’1’ calls for corlll)lete  coverage of t}le Arctic

()(ean every 7 days,  I,rin]arily  usirrg this nlode.  \$’ith the avail-
al,lr  s[)atial  and terir]}oral co~’erage f~om RAI)ARSAT’, we pro-
lmse to produce basiri-scale  fielcis of geophysical variables with
alp,orithnls  ilrlplemerited  in a RAD. AR SAT Geophysical Proces-
sor System (I{(; PS). }Iere, we clescribe a procedure that provides
continual estimates of local ice age ancl thickness distribution of
tile Arctic sea ice cover. ‘1’his procedure is based on our experi-
cIIce  with the performlarice  of the ice motion and ice classifier in
ttie present GPS.

2. Determination of Age Distribution

Tile procedure involves Lagrangiari  observation of ice motion
arid the interpretation of area changes in cell areas defined by
tile ice lootion  tiel)oints. A rl~ore detailed description can bc
forrid  i], [}(rook et 0/., 1994].

f.clgraugian frocking. Initially, a regular array of points is defined
o)) the first  illiage of a Iolig tirl)e series. l’he  ice features at
tljcse  points are identified and tracked in each of t}le subsequent
il)lages thereby providi[lg  trajectories of eac}l of these points as
a fur~ction of time.

(’fll  A~fa and tirtrr (%angcs.  T}IC  array of points in the initial
g[ id constitute the corners of an array of square cells, say, five
Iiilorneters  or] a side. l’hese  il,itial  square cells change area and
sllal~e as the ice cover deforllls. \Ve construct the defortned  cells
using the trajectory clata obtairled  fronr the Lagrangian tracker.
Ally positive change in area indicates that ice in a new age class
!~as forr[led in that cell between the time of observation. l’bus,
tile tesolotion  of the age of this new age class is dependent on the
Ieligth of the interval between observations. Any negative area
cllallge  is assunled  to be caused by ridging of the youngest ice in
that cell cluring that same tinle.  Figure 1 shows the deformation
of all irlitial  square cell i~l a tillle  sequence of five SAR ilnages
sl)iir}nir)g a [)eriod of 12 days. ~’he in terval  tjetween inlagcs  in
t IIC sryueIIcc  is tljlee days.

.Aq{ [)islributio?~ /IOIIL 7’in~f Sfquc  nms  of Atta C%angcs.
ice in each cell ages as it progresses through time. If new
is added, a new age category is created. For a negative
cllallge, area is subtracted froro the  Joullgest  ice categories
atea  of ice ili each age class is ul)dated  ir! each step of a

‘1’he
area
area
‘1’he
Lirlle

se] im. In this ]nanrler,  \ve keel) t[ack  of the age distributio]l  of
i(( irl tllc tt!il! c[id of ttlc d is t r ibut ion .  ‘1’lic cxarllI)lc irl $+ction
.1 IIlllstrateh  rllc  IJrocwlule.



Ife call co[]ielt tile  ice agc to ice tlliclil[ms  with arl adeqllate
(I(,scril)tior) of envilun[nclltal  conditions. II] the folloiving cx-

ii II IIIlc, IV(, use a  relatiollsllil)s bt~t$vwn  llIe ttlic!illcss of yOLIIIg

w-a ice  aIICl tl,c c~l][)ulative nurnt)cl of freczitlg-degree days (a f-
tt,r .\/rrykut, 19S6),  \\rf, usccl I,elwdev”\  (  19:N) I)aranlrteriza-
tioll. icitll h(fhzck)~t~.;) = 1 .:l:l FI)/)” 5s. \vlicue 1:1)[) = frccwirlg-

3. An  Example

\\ ’(’ ate assutl,i]lg,, ill tile follo~vitig examl)le,  that the il)itial  clis-
(1 il)(ltioll contains  OIIIJ F}’ and kl}’ ill tile cells. l’able 1 shows
a r~,cord of (I]e parallwlrl,s  tecorded  at each till)e step, q’be hlY
i(( ar{,a is ol)tailled  Ilsillg tllc Gl)S icc type  c lass i f icat ion algo-
ritllltl.  ‘l’lie incleaw ill cell area, lwtivccll [)ay 077 and Day 0S6,
(1(1( tt) t II{, (oiltitl~lal ulw~lillg  0!’ a lead.  is  cvi(lerlt. ‘Iihc a r e a

c lIalig(x of tlie ccl] (iti I:ig. 1 ) a, a fullctiol] of tilne  are plotted
ill ligure 2. “1’llis cell IIad al, il, i(ial area of 2.500  uliits,  1336 of
\vllic}l tycrc class ificcl. as Illultiyeat  ice. ()\cr t}le first tin)e  inter-
Ial ( I)ay 077 to I)ay 0S0). the area  increased to 3034, giving a
!c~ll])g icc Clil  SS (tvllich is betivecn O anct 3 days old) an area of
.>:1 I units.  ‘1’hc rctllaillillg  116-I units ;vere assiglled  to t}le first-
~tal  ice claw of utldcterlliilled  age, ‘1’1](  cell area increased to
:1?05 slid  :1:317 during  tile seco])d (Day 0S0 anti 0S3) and third
( I)ay 0S:1 atld OSfi) tilm illterlals.  rchpcctivcly.  T h i s  rlew a r e a
of 171 LIllits created  clurillg tllc secot)d tin~e interval replaces the
3:J4 unils  as the youl]gest age gloup.  Silnilarly,  the 11’2 units
cl(,ated  dllrilig  tl)c tttilrl  tillw illtclval  replaces ttle 171 units as
llii\il]g  tl,c, )oullgmt age, ‘1’he 5:31 units created during the first
tilllr itlterval  bate bccotne  :3-6 days atld 6-9 days old duri[lg  t}]e
SI,{OIIC1  al,d t I]ird til]jc illtcl vals. resl)ectively,  and represent an
~~illg of tile ice. A closing  event (between  I)ay 086  and  0S9)
ca[lsed a dectcase ill cell area fronl :3317  to :3235,  or 82 units. At
tlli~ till)t, ste[j.  tile Il(,lvcst age class Ilas zero area since no new
a[(,a Ivas Cl(>iit C’d, and tile ]Icxt youtlgest  class loses 82 units to
ac(o(lllt  for the lost (cII alca, 1265 units  !veue classified as hfY
ic(,. Ical’illg ]235 units of old I(’Y ice. Note that the area of MY
it{, cIocs Ilot rel]]aill col}stalLt  [lirougliout  the 12-day period, ‘1’llis
is duc to tile high backscatter of the open lead, the signature
of lvl!icll ovcllal~s tvitll ttlat of tile n>’ ice bac!iscatter, Icading
[{~ al) over cstinlatioll  of NIY ice. I’tlc time series hfY area can
I,( LIscd to deterlllirlc  tile  correct klY area within the CC1l area
a~~ultling ttlat tile \l}’ fraction is invariant within a cell, but
$!(,  !~Ill [lot cliscu~~ this Iiere, I~iguw :3 show, s the  es t imated ice
I Iii(’lill(+s  using the silnple  I)aralllt,tclizatioll  discussed above.

4 .  Sulntllary llell~arks

\\’(s Ilavc provided a brief descril~tion of a procedure for moni-
t~)lillg tl]r local age distlibutioll of sea ice using a long sequence
of icc rllotiorl obscrvatiorls, ‘1’lle apl)licationof  this procedure is
rt+tlictcd to willtcr  Arctic  corlditiolls  bccauseof theassunlption
0[ Ice glotv”tt!  rll O1)CII lca(ls, [rl t}ie gerleral  scllcnlc,  we sugges t
~[artil]g  tllc IJrocess durit]g  fall freeze,-u]) and cotltintring  for tile
tvll[]lcscasorlal  cyclctllro~lg,l! tllcollset of nlclt to obtain a record
of  tll(~ a~,c clistri}jutiu[j for tile .-\rctic occarl. At eactl tirrw s tep,
tv(, Ivoul(i dctellllille [Ile ice age tlllougll  a procedure which in-
(I(I(Ics icc IIlotiol] tlacliir]g,  colllputa(ion  of area changes and the
IIljtlat(, of tile local ic(, ap,e Ilistog,  raIlt. }{(>giorlal  scale statistics
<It i(c  il~(’ or tllicl;ll(~ss  alc <,~[illlated flolll t}lc local obscr~,atiorls,
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‘1’able 1

Record of Parameters (Area c})angcs, Age I)istril,ution) from Tinw-sequence Analysis

(Itxar[lple  1)
—.—.

Record ‘1’im; Mean Cell 1“1)1) Area* of Age Class j
——. —

(DAY: IIII) Temp,  7’ Area,  A “ 1234FY—. MY
1 m2z----

——— .—. —
-23 2500 1 1 6 4  1336–

2 080:22 -20 3034 65 534 598 1902
3 083:22 -20 3205 126 171 534 536 1964
4 086:22 -19 3317 166 112 171 534 1046 1454
5 089:22 -17 3235 229 0 30 17) 534 1235 1265—

“ 1 pixel = 100m >: 100m = 10000 mz = unit area
l~DD = Cumulativ  efreezing-degree days

Figure 1. An image sequence showing the deforrrlation  of a grid cell. ‘I’he time interval
between theimagesis3 days. (SARimages: Copyright ESA 1993).
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Figure 2. Determination of ice age distribution within the grid cell in Fig. 1. Plot of area
changes as a function of time, and age histogranls  computed from the area changes. ( - 1
pixel = 100m X 100m = 10000 mz = unit area)
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J’igure 3. I)ctermination of ice thickness distribution,. Plot of the freezing-degree days and
the computed thickness of the ice.


